Six hybridona cell lines which secrete monoclonal antibodies binding to nucleic acids were produced from autoimmune NZB/NZW nice. Four of the antibodies were IgG's and the other two were IgM's. Using a solid phase radioiramunoassay (SPRIA) the binding of the antibodies to over thirty different nucleic acids was estimated. All the antibodies were extremely specific. There was no detectable interaction with various RNAs , and single-stranded PNAs bound more antibodies than duplex or multi-stranded DNAs. In every case the antibodies also showed considerable sequence preferences. For example one monoclonal antibody bound to d(TTC) n but not to d(TCC) n while another interacted strongly with d(TG) n and d(CA) n but not with d(TC) n , d(GA) n or homopolymers. In other cases the patterns of sequence specificity were extremely difficult to interpret although it seems clear that monoclonal antibodies have the potential to distinguish between any two nucleic acids however similar.
INTRODUCTION
Antibodies to nucleic acids are of interest for several reasons. First they play a significant role in autoimmune diseases such as Systemic Lupus Erythenatosus (SLE) (1). Second, they can provide a model system for protein recognition of nucleic acids in general. Finally, they can be used as probes for particular nucleic acid sequences or structures in more conplex systens such as ribosomes or chromosomes (2,3). Before the introduction of the hybridoma technology, antibodies were obtained directly from immunized animals. These antibodies often show a wide range of specificities which in some cases limits their usefulness. Moreover, the degree of specificity of individual members of these heterogeneous antibody populations
is not yet clear-For example it has been shown previously (for a review see 4) that structural features of nucleic acids can be distinguished (e.g. duplex or triplex) but it has yet to be demonstrated that sequence specificity can also be achieved. To attempt to answer this question we have produced several hybridoma cell lines which secrete monoclonal antibodies which bind to nucleic a c i d s , and have investigated their specificities in d e t a i l .
MATERIALS AND METHODS
Four 6 1/2 month old fenale NZB/NZW m i c e , (a gift of D r .
A . S . R u s s e l l , Dept . of Medicine, TIniversity of Alberta) were used for a single cell fusion. At this age the nice begin to develop an autoinmune disease resembling systemic lupus erythematosus and antibodies against various nucleic acids can be detected in the sera ( 5 ) . Two mice were injected with 25ug of lipopolysaccharide (LPS) and two with 50pg and _then 48 hours later the spleen cells were harvested for fusion with clone 43 of the mouse myeloma MOPC 315 ( 7 ) . This cell line synthesizes but does not secrete Ig light chains ( 6 , 7 ) . LPS treatment, in g e n e r a l , leads to a larger number of viable hybridomas and will be described in detail elsewhere ( 8 ) . The cell fusion t e c h n i q u e , limiting dilutions and cloning in agarose were performed essentially as described previously ( 6 , 7 , 9 ) . After 14 days when a total of approximately 1,000 individual clones could be v i s u a l i z e d , screening for the production of nucleic acid binding antibodies was initiated using a Solid Phase PadioImmunoAssay (SPRIA) described b e l o w .
Polyvinyl chloride 96-well flat-bottomed microtiter plates (Dynatecb Laboratories Inc.) were coated with various nucleic aciHs in 50ul of PBS buffer (2.7 nM K C 1 , 137 nM NaCl . 10 mM N a 2 H P O 4 , 1.4 mM KH2PO4 final pH of 7.2) at 4° for at least 24 h o u r s . Dsing ^F-lahelleH nucleic acids it was found that approximately Ing of nucleic acid b e c o n e s permanently attached by some unknown mechanism. For the initial screening of the clones two groups of antigens were used.
Group A: -lug/ral r U n , lpg/ml d T n , lug/nl heat-denatured ribosomal RNA fron J2_«_ coli and lug/nl heat-denatured calf thymus DNA.
firoup B: -lug/ml R17 RNA, lug/ml native calf thymus T)NA, lug/nl r U n • dA n • dT,, and lug/nl r A n ' d T n . For the specificity tests the wells were coated with 50ul of lug/ml of the appropriate nucleic acid as a b o v e . After washing three tines with lOOul of PBST (PBS buffer with 0.05% Tween) to remove unbound nucleic acid, 25ul of PBST was added followed by 20-100ul of the sample to be tested. After incubation at 20°C dilutions. The results were very reproducible (±20Z) and in general only one measurement was performed for each antigen. A false positive was only recorded on one occasion. Since heat-denatured calf thymus DNA and dT n were always run for comparative purposes they also served as a check on the internal consistency of the assay. The specific activity of various preparations of the 1*25 goat anti-mouse IgG was such that with heat-denatured calf thymus DNA or dT n as antigen (see below) the CPM measured in the SPRIA assay were always in excess of 1,000 (usually 2,000-10,000) compared to a background (i.e. in the absence of added antigen) of less than 50 CPM. Table I presents the results for the six hybridomas tested against the individual nucleic acids comprising groups A and B.
F i n a l l y after using limiting d i l u t i o n s and cloning in a g a r o s e (")) to ensure m o n o c l o n a l ity six h y b r i d o m a s c o n t i n u e d to secrete nucleic acid binding a n t i b o d i e s and could b e cultured in large v o l u n e s . This pattern of r e g r e s s i o n is not unexpected (Mosmann, T.R., u n p u b l i s h e d o b s e r v a t i o n s ) . T h e experiments

B e f o r e testing the s p e c f i c i t y of the a n t i b o d i e s , s e r i a l d i l u t i o n s of the v a r i o u s media were m a d e in order to a s c e r t a i n the g r e a t e s t d i l u t i o n which
Except for HEd 9 the preferred antigen is heat-denatured calf thymus D N A which is a r b i t r a r i l y set at 100Z. For HEd 9 the preferred antigen is dT n and t h i s is a r b i t r a r i l y set at 100%.
This confirms the original observation that the preferred antigen in a l l cases is a single-stranded DNA. Surprisingly, there is no detectable binding to single-stranded RNAs. This was confirmed using competition experiments in which the antibodies were premixed with 0.1 ug of ribosomal R N A before Table I . Results of the SPRIA assay for the six monoclonal antibodies tested against various R N A and DNA polymers. All are normalized against heat-denatured calf thymus D N A at 100% except for HEd 9, where dT n is used as the standard at 100%. Repeating-sequence pyrinidine DNAs on the other hand, show significant binding to these antibodies except for HEd 5 (Table  III) . Surprisingly, in no case was there significant binding to dC n but for HEd Table IV . Results of the SPRIA assay for the s i x monoclonal antibodies tested against various DNAs containing a l t e r n a t i n g pyrimidine-purine sequences or substituted pyrimidines. Finally, in Table IV are shown the results for duplex and single-stranded alternating pyrimidine/purine DNAs. HEd 5 binds well to both d(TG) n and d(CA) n suggesting that in the absence of halogenated bases the preferred antigen contains alternating pyrimidines and purines since the interaction with virtually all other single-stranded DNAs is negligible (Tables I, II and  I I I ) .
Heat-Denatured
Thus this is another example of sequence specificity. Whereas a l l the antibodies bind to some extent to d(TG) n and/or this study. First, the different types of antibodies in many cases complement one another. For example, it cannot be argued that the lack of a response of HEd 9 to d(TCC) n (Fig. 2) is due to lack of polymer being bound to the plate since HEd 6, HEd 8 and HEd 10 all give very significant results in the presence of this polymer. Second, in the case of the antibodies interacting with RNA and of HEd 9 with dC n the negative result was directly confirmed using competition experiments. Finally other authors have used a similar SPRIA assay for antibodies binding to single-stranded and duplex DNAs (17, 18) ; and in this study it was shown (by the fact that antibodies were bound) that the majority of the antigens tested were to some extent bound to the plates. Thus the binding of nucleic acids to the PVC plates is a widespread phenomenon and there is no good reason for believing that a particular nucleic acid antigen will not be bound.
The general conclusion of this study is that considerable specificity can be realized in the interaction of antibodies with nucleic acids. First the antibodies exhibit a structural specificity exemplified by their preference for single-stranded DNAs. Second they show an absolute requirement for a deoxyribose backbone since there is no detectable binding to RNA. Finally, they also demonstrate sequence specificity since they recognize differences in the nucleic acid bases. Therefore every basic feature of nucleic acid structure is being recognized simultaneously by the antibodies and consequently they have the potential for distinguishing any two nucleic acids however similar. It seems clear that monoclonal antibodies will find widespread use in many areas of nucleic acid research.
Abbreviations Used HEd x -Hybridoma from Edmonton Hx PVC -Polyvinyl chloride m^A -6-methylamino adenosine n^A -2-amino adenosine SPRIA -Solid Phase Radioimmunoassay LPS -Lipopolysaccharide.
